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(54) Polling communication system and polling control method 



(57) A polling communication system includes a 
main station and a plurality of sub stations connected to 
the main station. The main station includes an address 
control part and a polling control part. The address con- 
trol part divides a predetermined polling cycle into a plu- 
rality of kinds of polling intervals each having a different 
number of times of polling, and holds addresses of poll- 
ing target sub stations corresponding to the respective 
polling intervals. The polling control part switches the 
polling intervals and changes the addresses in the ad- 
dresses control part according to states of the sub sta- 
tions. Each of the sub stations includes another polling 
control part that sends a response when the sub station 
is polled by the main station. 

Further, in a polling communication system com- 
bined with a home electric appliance network, by divid- 
ing a predetermined cycle into a communication interval 
of home electric appliances and a polling communica- 
tion interval, it is possible to prevent mutual interference 
and realize coexistence when using a communication 
pathway via the same electric power line and the like. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a polling com- 
munication system and a polling control method which 
communicate by successively calling a plurality of sub 
stations from a main station. 

2. Description of the Related Art 

[0002] FIG. 1A illustrates an example of a general 
structure of a system in which a plurality of sub stations 
are connected to a main station via a bus. In FIG. 1 A, 
the system includes a host 1 00, a main station 1 01 , sub 
stations 1 02, data terminal equipments (DTEs) 1 03, and 
a bus 104. M, M#1 , M#2, -» represent modems. #1 , #2, 
— represent addresses of the sub stations 1 02. That is, 
data communication is performed between the data ter- 
minal equipments 103 and host 100 by connecting the 
plurality of sub stations 1 02 to the main station 1 01 that 
is connected to the host 100 through the bus 104. 
[0003] In such a system using a bus, communication 
method such as the CSMA/CD (Carrier Sense Multiple 
Access/Collision Detection) method and a polling/se- 
lecting method are employed. The CSMA/CD method is 
standardized in a LAN (Local Area Network) and the 
like. 

[0004] FIG. 1B is a timing diagram for explaining the 
conventional polling method. As shown in FIG. 1B, for 
example, a main station inquires sub stations whether 
or not the sub stations have transmission data by suc- 
cessively specifying an address of each of the sub sta- 
tions #1 , #2, — . When a sub station is designated, this 
designated sub station notifies no-data to the main sta- 
tion when the sub station does not have transmission 
data, and performs data transmission when the sub sta- 
tion has transmission data. In response to the data 
transmission from the sub station, the main station pro- 
vides the sub station with a normal reception notifica- 
tion, and the sub station sends a transmission end no- 
tification. Then, the main station inquires a next sub sta- 
tion whether or not the sub station has transmission data 
by specifying the address of the sub station. Additional- 
ly, when a sub station does not respond to the polling, 
the main station performs the polling according to a next 
polling address after a predetermined time elapses. 
[0005] FIG. 1 C is a timing diagram for explaining the 
conventional selecting method. As shown in FIG. 1C, 
for example, when a main station transmits data by se- 
lecting a sub station, the main station inquires the sub 
station whether or not reception preparation is satisfac- 
tory (OK), by adding the address #1 of the sub station, 
in this case. When the sub station responds to the main 
station that the preparation is OK, the main station trans- 
mits data by adding the address #1 of the sub station. 



When the sub station normally receives the data, the 
sub station sends a normal reception notification, and 
in response to the normal reception notification, the 
main station sends a transmission end notification. « , 
5 [0006] FIGS. 2A and 2B are flow charts for explaining 
a conventional polling. FIG. 2A is the flow chart for a 
main station, and FIG. 2B is the flow chart for a sub sta- 
tion. 

[0007] First, a description will be given of a process 
10 of the main station, with reference to FIG. 2A. In step 
S11 , the main station successively changes an address 
of a sub station. Then, in step S12, the main station in- 
quires the sub station whether or not the sub station has 
transmission data, by adding an address of the sub sta- 
*5 tion that is changed this time. In step S13, the main sta- 
tion determines whether or not there is a notification that ■ 
the sub station has the transmission data. In a case 
where the sub station has no transmission data (NO in 
step SI 3), process returns to step S11. On the other 
hand, in a case where the sub station responds that the 
sub station has transmission data (YES in step S13), in 
step S14, the main station receives data from the sub 
station. When the main station normally receives the da- 
ta, in step S15, the main station sends a normal recep- 
tion notification to the sub station. When the main station 
receives a transmission end notification from the sub 
station in step S1 6, the process returns to step S11 . 
[0008] Next, a description will be given of a process 
of the sub station, with reference to FIG. 2B. In step S21 , 
each of the sub stations stands by until its address is 
called. When the sub recognizes that it is called in step 
S22, in step S23, the sub station determines whether or 
not there is transmission data. When there is no trans- 
mission data (NO in step S23), in step S27, the sub sta- 
tion notifies the main station of having no transmission 
data. Then, the process returns to step S21 . On the oth- 
er hand, when there is transmission data (YES in step 
S23), in step S24, the sub station performs data trans- 
mission. When the sub station receives a normal recepr 
tion notification from the main station in step S25, the 
sub station transmits a transmission end notification to 
the main station in step S26, and the process returns to 
step S21. 

[0009] FIGS. 3A and 3B are flow charts for explaining 
the conventional selecting method. FIG. 3A is the flow 
chart for a main station, and FIG. 3B is the flow chart for 
a sub station. 

[0010] First, a description will be given of a process 
of the main station, with reference to FIG. 3A. In step 
S31, the main station changes an address to the next 
sub station in sequence. Then, in step S32, the main 
station inquires the sub station whether or not reception 
preparation is OK. The main station determines whether 
or not reception preparation of the sub station is OK in 
step S33. When the reception preparation is not OK (NO 
in step S33), the process returns to step S32. On the 
other hand, when the reception preparation is OK (YES 
in step S33), in step S34, the main station transmits da- 
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ta. When the main station receives a normal reception 
notification from the sub station in step S35, in step 36, 
the main station transmits a transmission end notifica- 
tion to the sub station. 

[0011] Next, a description will be given of the process 
of the sub station, with reference to FIG. 3B. In step S41 , 
the sub station stands by until its address is called. 
Wfien the sub station recognizes that it is called in step 
S42, the sub station determines whether or not the re- 
ception preparation is OK in step S43. When the recep- 
tion preparation is not OK (NO in step S43), the sub sta- 
tion sends a reception preparation NG (negative) notifi- 
cation to the main station in step S47, and the process 
returns to step S41 . On the other hand, when the recep- 
tion preparation is OK (YES in step S43), the sub station 
receives the data in step S44. Thereafter, in step S45, 
the sub station sends a normal reception notification to 
the main station. Then, in step S46, the sub station re- 
ceives a transmission end notification from the main sta- 
tion, and the process returns to step S4t . 
[0012] The CDMA/CD method generally used in a 
LAN is standardized by IEEE 802.3, and methods such 
as 10BASE-T (10 Mbps) and 100BASE-T (100 Mbps) 
in correspondence with the data transmission rates are 
known. In such methods, whether or not data commu- 
nication is currently being performed is determined by 
carrier detection. A sub station sends data when other 
sub stations are not performing data communication. In 
thiscase, when a plurality of sub stations simultaneous- 
ly transmit data, transmission collision occu rs. When the 
transmission collision is detected, each of the sub sta- 
tions randomly sets a waiting time, after which the sub 
resumes transmission of the data. Accordingly, there is 
a problem in that, in a high-traffic state, transmission col- 
lision occurs frequently and throughput deteriorates. 
[0013] Further, the polling/selecting method refers to 
a method in which data communication is performed ac- 
cording to control from the main station. In the selecting 
method, the main station transmits data by selecting the 
sub station. In the polling method, the main station suc- 
cessively specifies the sub stations, and the sub stations 
transmit data to the main station, in this conventional 
polling method, even in a case where there are the sub 
stations that are not online or sub stations in which fail- 
ure occurs in the plurality of sub stations, all the sub sta- 
tions are polled in turn. Thus, the sub station that is wait- 
ing for data transmission is put in a state of waiting until 
it is specified. Accordingly, there is a problem in that it 
is impossible to communicate with a sub station having 
high traffic proportionally to the traffic. 
[0014] Additionally, a home electric appliance net- 
work is known. The home electric appliance network en- 
ables automatic control of various electric home appli- 
ances by using interior wiring that provides operating 
power to the electric appliances in a home or the like as 
a network for data communication. Generally, the CS- 
MA/CD method is applied to the home electric appliance 
network. Further, a system is known in which a personal 



computer, which is connected to an indoor electric pow- 
er line, is connected to the Internet by a power-line car- 
rier method through an incoming line and low-voltage 
distribution line. In this case, a modem corresponding 

5 to the main station is provided as a transformer that con- 
verts high voltage of 6600 V to low voltage of 100 V or 
200 V. In addition, a modem corresponding to the sub 
station is provided indoors. Thus, a system is structured 
in which data communication is performed by using the 

10 low voltage distribution line and incoming line as trans- 
mission channels of a power-line carrier system. For 
that purpose, the indoor electric power line is shared. 
Thus, there is a problem in that mutual interference oc- 
curs. 

15 

SUMMARY OF THE INVENTION 

[0015] It is a general object of the present invention 
to provide an improved and useful polling communica- 

20 tion system and polling control method in which the 
above-mentioned problems are eliminated. 
[001 6] A more specific object of the present invention 
is to provide a polling communication system and polling 
control method capable of coping with a high-traffic en- 

25 vironment, and capable of high-speed data communi- 
cation by applying a polling method without mutual in- 
terference even in a case where home electric applianc- 
es coexist. 

[0017] In order to achieve the above-mentioned ob- 

30 jects, there is provided according to one aspect of the 
present invention, a polling communication system, in- 
cluding: a main station; and a plurality of sub stations 
coupled to the main station, the main station including: 
an address control part that divides a predetermined 

35 polling cycle into a plurality of kinds of polling intervals 
each having a different number of times of polling and 
holds addresses of polling target sub stations corre- 
sponding to the plurality of kinds of polling intervals; and 
a first polling control part that switches the plurality of 

40 kinds of polling intervals, and at the same time, controls 
movement from one polling interval to another polling 
interval of the addresses of the sub stations held in the 
address control part according to states of the sub sta- 
tions including whether or not there are responses from 

45 the sub stations, each of the sub stations including: a 
second polling control part that sends a response de- 
pending on existence of transmission data when the sub 
station is polled by the main station. 
[001 8] Additionally, there is provided according to an- 

50 other aspect of the present invention , a polling commu- 
nication system, including: a main station; a plurality of 
sub stations; and a home electric appliance network, 
wherein the main station includes a first polling control 
part that divides a predetermined cycle into a commu- 

55 nication interval of the home electric appliance network 
and a polling communication interval of the main station 
and the plurality of the sub stations, and performs polling 
on the plurality of the sub stations in the polling commu- 



3 



5 



EP 1 331 765 A1 



6 



nication interval, and each of the sub stations includes 
a second polling control part that sends a response de- 
pending on existence of transmission data in response 
to the polling by the main station. 
[001 9] Additionally, there is provided according to an- 
other aspect of the present invention, a polling control 
method for a polling communication system having a 
plurality of sub stations coupled to a main station, in- 
cluding the steps of: dividing a predetermined polling cy- 
cle of the main station to the plurality of sub stations into 
a plurality of kinds of polling intervals each having a dif- 
ferent number of times of polling; changing the sub sta- 
tions that have not responded to the polling to polling 
target sub stations in a polling interval having a few 
times of polling; and changing the sub stations that have 
responded to the polling to polling target sub stations in 
a polling interval having many times of polling. 
[0020] Additionally, there is provided according to an- 
other aspect of the present invention, a polling control 
method to be implemented in a main station in a polling 
communication system includingthe main station, a plu- 
rality of sub stations and a home electric appliance net- 
work, including the steps of: dividing a predetermined 
cycle into a communication interval of the home electric 
appliance network and a polling communication interval 
of the main station and the plurality of sub stations; and 
polling the plurality of sub stations in the polling commu- 
nication interval. 

[0021] Further, there is provided according to another 
aspect of the present invention, a main station which 
couples to a plurality of sub stations, including: an ad- 
dress control part that divides a predetermined polling 
cycle into a plurality of kinds of polling intervals each 
having a different number of times of polling and holds 
addresses of polling target sub stations corresponding 
to the plurality of kinds of polling intervals; and a polling 
control part that switches the plurality of kinds of polling 
intervals, and at the same time, controls movement from 
one polling interval to another polling interval of the ad- 
dresses of the sub stations held in the address control 
part according to states of the sub stations including 
whether or not a response is received from the sub sta- 
tions, the response being received depending on exist- 
ence of transmission data when the substation is polled. 
[0022] According to the present invention, in a system 
in which polling communication is performed between a 
main station and a plurality of sub stations, a predeter- 
mined polling cycle according to frame pulses orthe like 
is divided into a plurality of kinds of polling intervals. 
Each of the polling intervals has a different number of 
times of polling, and the a polling interval corresponds 
to a state of a sub station such as whether or not power 
of the sub station is turned ON. Therefore, it is possible 
to reduce the number of times of polling to the sub sta- 
tions having failure, not being online orthe like, and in- 
crease the number of times of polling to the sub stations 
that have high probability of having transmission data. 
Thus, improving throughput is realized. In addition, it is 



possible to efficiently operate the system by appropri- 
ately changing the length of each of the polling intervals 
depending on the number of the sub stations in each of 
the polling intervals. 
5 [0023] Further, in a polling communication system, 
combined with a home electric appliance network, by 
dividing a predetermined cycle into a communication in- 
terval of home electric appliances and a polling commu- 
nication interval, it is possible to prevent mutual interfer- 
10 ence and realize coexistence when using a communi- 
cation pathway via the same electric power line and the 
like. At the same time, there is another advantage in that 
communication between a main station of high traffic 
and a plurality of sub stations can be performed smooth- 
es ly. Additionally, there is another advantage of improving 
the throughput by increasing the number of times of poll- 
ing to sub stations that have high probability of having ■ 
transmission data, by dividing the polling communica- 
tion interval into a high-speed polling interval and a low- 
20 speed polling interval, for example, and by varying the 
number of times of polling depending on states of sub 
stations. 

[0024] Other objects, features and advantages of the 
present invention will become more apparent from the 
25 following detailed description when read in conjunction 
with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

— . v 

30 [0025] 

FIG. 1 A is a block diagram showing a conventional 
system In which a plurality of sub stations are con- 
nected to a bus that is connected to a main station; 

35 FIGS. 1Band 1 Care timing diagrams forexplaining 
a conventional polling method and a conventional 
selecting method, respectively; 
FIG. 2A is a flow chart for explaining a process of a 
main station in conventional polling; 

40 FIG. 2B is a flow chart for explaining a process of a 
sub station in conventional polling; 
FIG. 3A is a flow chart for explaining a process of a 
main station in conventional selecting; 
FIG. 3B is a flow chart for explaining a process of a 

45 sub station in conventional selecting; 

FIG. 4 is a block diagram of an embodiment of the 
present invention; 

FIG. 5 is a block diagram showing a main station of 
the embodiment of the present invention; 
so FIG. 6 is a block diagram showing a sub station of 
the embodiment of the present invention; 
FIG. 7A is a timing diagram for explaining a process 
according to the embodiment of the present inven- 
tion; 

55 FIG. 7B is a data diagram showing structures of sig- 
nals sent from/to the main station to/from the sub 
station; 

FIG. 8 is a flow chart for explaining a process ac- 
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cording to the embodiment of the present invention 
when power of the main station is turned ON; 
FIG. 9 is a flow chart for explaining a process of the 
main station according to the embodiment of the 
present invention; 

FIG. 1 0 is a continuation of the flow chart of FIG . 9 
for explaining the process of the main station; 
FIG. 11 is a flow chart for explaining a process of 
the sub station according to the embodiment of the 
present invention; 
' % . FIG. 12 is a state transition diagram between high- 
speed polling and low-speed polling; 
FIG. 13 is a schematic diagram showing a power- 
line carrier system;. and 

FIG. 14 is a timing diagram for explaining commu- 
nication timing according to the embodiment ac- 
cording to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] FIG. 4 is a block diagram for explaining an em- 
bodiment of the present invention. FIG. 4 illustrates a 
polling communication system in which a plurality of sub 
stations #1 through #30 are connected to a main station 
1 through a bus 5. The main station 1 includes a polling 
control part 2, an address control part 3, and a synchro- 
nizing frame generation part 4. FIG. 4 shows a case 
where 30 sub stations are connected, however, the 
number of the sub stations can be selected arbitrarily. 
Further, the bus 5 can be a normal transmission channel 
that transmits data, or a distribution line and inside elec- 
tric line or the like in the power-line carrier system. 
[0027] The main station 1 does not perform polling 
uniformly to all the sub stations #1 through #30. The 
main station 1 performs the polling depending on states 
of the sub stations by dividing a predetermined polling 
cycle into a plurality of polling intervals, such as a polling 
interval in which a large number of pollings is made, a 
polling interval in which a small number of pollings is 
made and the like. For example, the polling cycle can 
be divided into two, that is, a high-speed polling interval 
in which a large number of pollings is made, and a low- 
speed polling interval in which a small number of poll- 
ings is made. Or, the polling cycle can be divided into 
three by further including a medium-speed polling inter- 
val in which an intermediate number of pollings is made. 
Further, the polling cycle can be divided into more num- 
bers of polling intervals, each of the intervals having a 
different number of polling times. 
[0028] For example, in a case where a predetermined 
polling cycle is divided into two, the high-speed polling 
interval and low-speed polling interval, low-speed poll- 
ing target sub stations that responded to polling in the 
low-speed polling interval are changed to high-speed 
pollingtarget sub stations, and the low-speed polling tar- 
get sub stations that did not respond remain low-speed 
polling target sub stations. In this case, the polling con- 



trol part 2 has a function to switch between the high- 
speed polling interval and the low-speed polling interval. 
The address control part 3 manages addresses of the 
high-speed polling target sub stations and addresses of 
5 the low-speed polling target sub stations. Additionally, 
the synchronizing frame generation part 4 sends frame 
pulses representing the predetermined polling cycle in- 
cluding high-speed polling and low-speed polling inter- 
vals. It should be noted that, in a case where a plurality 
10 of kinds of polling intervals are set, the address control 
part 3 holds addresses of polling target sub stations de- 
pending on the number of polling times in correspond- 
ence with the respective polling intervals. 
[0029] Accordingly, the sub stations that responded 
15 to the low-speed polling are changed to high-speed poll- 
ing target sub stations. The sub stations that responded 
to the high-speed polling continue to remain high-speed 
polling target sub stations. Further, the sub stations that 
did not respond to the high-speed polling are changed 
20 to low-speed polling target sub stations. In this case, it 
is also possible to change the sub stations to low-speed 
polling target sub stations when the number of consec- 
utive times of not responding exceeds a predetermined 
number of times. 
25 [0030] Additionally, in a case where the polling cycle 
is divided into the above-mentioned three polling inter- 
vals, the sub stations are divided into the low-speed poll- 
ing target sub stations, medium-speed polling target sub 
stations and high-speed polling target sub stations. In 
30 this case, the address control part 3 manages the ad- 
dress of each of the sub stations. In addition, the high- 
speed polling target sub stations can be changed to me- 
dium-speed polling target sub stations when not re- 
sponding. Further, the medium-speed polling target sub 
35 stations can be changed to low-speed polling target sub 
stations when not responding. Further, the low-speed 
polling target sub stations can be changed to medium- 
speed polling target sub stations when responding. In 
addition, the medium-speed polling target sub stations 
40 can be changed to high-speed polling target sub sta- 
tions when responding. In this case, it is also possible 
to change the sub stations from targets of a current poll- 
ing interval to targets of another polling interval when 
the consecutive number of times of not responding ex- 
45 ceeds a predetermined number of times. Thus, it is pos- 
sible to improve response times of the sub stations hav- 
ing transmission data, since the number of times of poll- 
ing to the sub stations that require polling becomes 
large, and the low-speed polling is performed on the sub 
50 stations that are not online or the like. 

[0031] FIG. 5 is a block diagram of the main station of 
the'embodiment of the present invention. In FIG. 5, a 
main station 11 includes, a polling control part 12, an 
address control part 13, a synchronizing frame genera- 
55 tion part 14, a modulating/demodulating part (modem) 
15, a control information creating part 16, and a phase 
synchronized oscillator (PLL) 17. The polling control 
part 1 2 includes a low-speed/high-speed polling switch- 
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ing part 18, a monitoring part 19 for monitoring the 
number of times of low-speed/high-speed polling, a 
high-speed polling response monitoring part 20, and a 
data reception monitoring part 21 . Additionally, the ad- 
dress control part 13 includes an address switching part 
22, a low-speed polling address table 23, and a high- 
speed polling address table 24. In other words, a case 
is shown where the predetermined polling cycle is divid- 
ed into two polling intervals: a low-speed polling interval 
and a high-speed polling interval. 
[0032] In addition, the synchronizing frame genera- 
tion part 14 generates frame pulses of the predeter- 
mined polling cycle according to a clock signal from the 
phase synchronized oscillator 17, and inputs the frame 
pulses to the modulating/demodulating part 15. Then, 
the modulating/demodulating part 15 sends the frame 
pulses to the sub station. The low-speed/high-speed 
polling switching part 18 of the polling control part 12 
switches from/to the low-speed polling interval to/from 
the high-speed polling interval in the predetermined poll- 
ing cycle, according to a timing signal including the 
frame pulses from the control information creating part 
16. It should be noted that in a case where the prede- 
termined polling cycle is divided into more than two 
kinds of polling intervals, the low-speed/high-speed 
polling switching part 18 has a structure to switch to 
each of the polling intervals. 

[0033] Additionally, the high-speed polling response 
monitoring part 20 monitors whether or not the sub sta- 
tion responded to high-speed polling. When the sub sta- 
tion responded, no change is made. When the sub sta- 
tion did not respond, the high-speed polling response 
monitoring part 20 notifies the address control part 13 
and performs control to change the nonresponding sub 
station to a low-speed polling target sub station. The ad- 
dress control part 13 moves the address of the nonre- 
sponding sub station from the high-speed polling ad- 
dress table 24 to the low-speed polling address table 
23. Additionally, the data reception monitoring part 21 
monitors reception of data from the sub station. The 
monitoring part 1 9 monitors the number of times of low- 
speed polling and the number of times of high-speed 
polling. 

[0034] Further, addresses of the low-speed polling 
target sub stations are stored in the low-speed polling 
address table 23 of the address control part 13. On the 
other hand, addresses of the high-speed polling target 
sub stations are stored in the high-speed polling ad- 
dress table 24 of the address control part 13. The ad- 
dress switching part 22 reads and sends the addresses 
of the low-speed polling target sub stations from the low- 
speed polling address table 23 in the low-speed polling 
interval. Additionally, the address switching part 22 
reads and sends the addresses of the high-speed poll- 
ing target sub stations from the high-speed polling ad- 
dress table 24 in the high-speed polling interval. Further, 
instead of using the low-speed polling address table 23 
and high-speed polling address table 24, an address ta- 



ble may be used in which whether an address of a sub 
station is a low-speed polling target or a high-speed pollsj. , 
ing target is represented by a pointer or a flag. In addi- 
tion, the modulating/demodulating part 1 5 has functions 
5 of modulation for sending to the sub station , and demod- 
ulation for receiving from the sub station. For example, 
the modulating/demodulating part 15 demodulates data 
from the sub station and forwards the data thereof to the 
host. 

10 [0035] FIG. 6 is a block diagram of the sub station of 
the embodiment of the present invention, in FIG. 6, a 
sub station 31 includes, a polling control part 32, a mod- 
ulating/demodulating part 33, a control information cre- 
ating part 34, a frame detection part 35, a phase synH <. 
15 chronized oscillator (PLL) 36, and a training signal gen- 
eration part 37. The polling control part 32 includes a 
low-speed/high-speed polling information identification 
part 38 , an address comparing part 39, and a data trans- 
mission monitoring part 40. 
20 [0036] The modulating/demodulating part 33 receives 
and demodulates data and control information from the 
main station. Additionally, the modulating/demodulating 
part 33 modulates and transmits data and control infor- 
mation to be sent to the main station. The frame detec- 
ts tion part 35 detects frame pulses from the main station 
based on a clock signal from the phase synch ronizecT 
oscillator 36, and provides a timing signal to the polling 
control part 32. The address comparing part 39 of the 
polling control part 32 compares a polling address sent 
30 from the main station with own address of the sub sta- 
tion. When the addresses match, it denotes that the sub 
station is specified. Thus, the address comparing part 
39 notifies the low-speed/high-speed polling information 
identification part 38 and the data transmission monitor- 
35 ing part 40. 

[0037] The data transmission monitoring part 40 de- 
termines whether or not there is a request for data transr 
mission from terminal equipment that monitors/controls' ' 
using an RS signal or CS signal, for example. When 
40 there is a request for data transmission, the data trans- 
mission monitoring part 40 controls transmission of the 
data. When there is no request for data transmission, 
the data transmission monitoring part 40 notifies the 
control information creating part 34 and sends only a 
45 response to the main station. Additionally, the training 
signal generation part 37 generates and sends a training 
signal to the modem of the main station, when respond- 
ing to polling by the main station in the low-speed polling 
interval. Further, the control information creating part 34 
so creates and sends control information such as a re- 
sponse in a case of no data transmission and the like. 
[0038] FIG. 7A is a timing diagram of signals of the 
embodiment of the present invention. FIG. 7A illustrates 
a modulation signal on a line, frame pulses, a down-sig- 
55 nal from the main station to the sub station, an up-signal 
from the sub station to the main station, and addresses 
of the sub stations #8, #2, #3, and #20. FIG. 7B is a data 
diagram showing structures of the signals. In FIG. 7B, 
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a down-signal from the main station, an up-signal from 
the sub station in high-speed polling, and an up-signal 
from the sub station in low-speed polling are illustrated. 
Each of these signals includes a secondary channel and 
a main station channel. The secondary channel includes 
control information for a modem, address information, 
a flag representing the high-speed/low-speed polling 
(For example, it is possible to set a high-speed polling 
flag ON in high-speed polling, and set the high-speed 
polling flag OFF in low-speed polling.), speed informa- 
tion and the like. The secondary channels of the up-sig- 
nals from the sub station further include line quality in- 
formation. Additionally, the main station channel of the 
down-signal from the main station and the main station 
channel of the up-signal from the sub station in the high- 
speed polling include user data. The main station chan- 
nel of the up-signal from the sub station in the low-speed 
polling includes a training signal for the modem of the 
main station. This training signal can be generated by 
the training signal generation part 37 (refer to FIG. 6) of 
the sub station 31 . 

[0039] FIG. 7A shows a case where the frame pulses 
have a cycle of 1 20 ms, for example. The cycle is divided 
into the high-speed polling interval in which a large 
number of pollings is made, and the low-speed polling 
interval in which a small number of pollings is made. In 
the low-speed polling interval, when the main station 
sets and sends the address #8 of the sub station, for 
example, which is a low-speed polling target, in the sec- 
ondary channel, and the sub station having the address 
#8 responds using the secondary channel including the 
address information and the main station channel in- 
cluding training information, as shown by the up-signal 
from the sub station in the low-speed polling of FIG. 7B, 
the main station changes the sub station from a low- 
speed polling target to a high-speed polling target. 
[0040] Additionally, in the high-speed polling interval, 
when the main station sets and sends the address #2 
of the sub station, for example, which is a high-speed 
polling target, in the secondary channel, and the sub sta- 
tion having the address #2 responds, the sub station re- 
mains a high-speed polling target sub station. When the 
main station sets and sends the address #3 of the sub 
station, for example, which is a high-speed polling tar- 
get, in the secondary channel, and the sub station does 
not respond, the sub station is changed from a high- 
speed polling target sub station to a low-speed polling 
target sub station. Further, when the main station sets 
and sends the address #2 of the sub station which is a 
low-speed polling target, and the sub station has not re- 
sponded, the sub station remains a low-speed polling 
target. Accordingly, the sub station that is not online and 
the sub station in which failure occurs or the like remain 
low-speed polling targets. On the other hand, when the 
sub station responds to the polling, the sub station is 
changed to a high-speed polling target. Therefore, it is 
possible to improve response time by performing the 
high-speed polling to the sub station having transmis- 



sion data or the sub station with high probability of hav- 
ing transmission data. 

[0041] FIG. 8 is a flow chart for explaining a process 
of the embodiment of the present invention. In FIG. 8, 
5 the process in the polling communication system where 
30 sub stations are connected to the main station is 
shown. First, in step A1, power of the main station is 
turned ON. In step A2, an initialization process is per- 
formed. It is assumed that addresses of the sub stations 
10 are #1 through #30, all of the sub stations are regarded 
as low-speed polling target sub stations, and low-speed 
polling addresses of the sub stations are set to #1 
through #30. Then, in step A3, polling is performed on 
the sub stations in turn, and whether or not all the sub 
15 stations are polled is determined by whether or not the 
low-speed polling address exceeds 30. When the low- 
speed polling address exceeds 30 (NO in step A3), the 
process proceeds to a high-speed polling process. 
[0042] Additionally, when the low-speed polling ad- 
20 dress does not exceed 30 (YES in step A3), in step A4, 
the low-speed polling address is read from the low- 
speed polling address table 23 (refer to FIG. 5). Step A5 
takes the address or control information into a second- 
ary channel. In step A6, the polling is performed accord- 
25 jng to the control by the polling control part 12. There- 
after, step A7 monitors whether or not there is a re- 
sponse from the sub station. If there is no response from 
the sub station (NO in step A7), the process proceeds 
to step A9. On the other hand, if there is a response from 
30 the sub station (YES in step A7), the address of the sub 
station is moved from the low-speed polling address ta- 
ble 23 to the high-speed polling address table 24 in step 
A8, and the process proceeds to step A9. 
[0043] In step A9, the low-speed polling address is up- 
35 dated, and the process proceeds to step A3. In this case, 
a pointer can represent the address on which the polling 
is performed. Thus, it is possible to update the low- 
speed polling address by updating the pointer. Accord- 
ing to such a process, it is possible to automatically set 
40 the low-speed polling target sub stations and the high- 
speed polling target sub stations when starting an oper- 
ation of the polling communication system. 
[0044] FIGS. 9 and 10 are flow charts for explaining 
a process of the main station of the embodiment of the 
45 present invention. Step B1 decides whether or not the 
next polling is a high-speed polling. If the decision result 
in step B1 is NO, the process proceeds to step B14. On 
the other hand, if the decision result in step B1 is YES, 
a high-speed polling flag is set ON in step B13. There- 
50 after, step B2 reads a high-speed polling address from 
the high-speed polling address table 24 (refer to FIG. 
5). Additionally, step B3 obtains control information. 
Step B4 forms a signal including an address of the 
above-mentioned high-speed polling target sub station 
55 and a secondary channel having the high-speed polling 
flag that is set ON, and performs high-speed polling ac- 
cording to the polling control part 12. In step B5, the 
high-speed polling response monitoring part 20 moni- 
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tors whether or not there is a response from the sub sta- 
tion. If there is no response from the sub station (NO in 
step B5), the process proceeds to step B6. If there is a 
response from the sub station (YES in step B5), the 
process proceeds to step B7. 

[0045] Step B6 decides whether or not the number of 
times of not responding is three or more. In this case, 
the number of times is set to three. However, the number 
of times can be set to an arbitrary number beforehand. 
If the decision result in step B6 is NO, the process pro- i 
ceeds to step B12. If the decision result in step B6 is 
YES, the process proceeds to step B9. In step B9, in 
order to change the sub station from a high-speed poll- 
ing target sub station to a low-speed polling target sub 
station, the address of the sub station is moved from the ■ 
high-speed polling address table 24 to the low-speed 
polling address table 23. Thereafter, the process pro- 
ceeds to step B12. 

[0046] Additionally, step B7 decides whether or not 
there are data. If the decision result in step B7 is NO, 
step B8 decides whether or not the number of times of 
there being no data is three or more. In this case, the 
number of times can also be set to an arbitrary number, 
that is otherthan three, beforehand. If the decision result 
in step B8 is YES, the process proceeds to step B9. If 
the decision result in step B8 is NO, the process pro- 
ceeds to step B12. If the decision result in step B7 is 
YES, step B10 receives the data, and step B11 decides 
whether or not data reception ends. If the decision result 
in step B11 is NO, the process proceeds to step B13. 
Then, the polling is performed on the sub station of the 
same address as the previous time until the main station 
receives data transmission completion notification from 
the sub station. In addition, if the decision result in step 
B11 is YES, the process proceeds to step B12. In step 
B12, the high-speed polling address is updated so as to 
read the address of the next sub station of high-speed 
polling. Thereafter, the process proceeds to step B1 . 
[0047] Further, in step B1 , when it is determined that 
the next polling is not a high-speed polling (NO in step 
B1 ), step B1 4 sets the high-speed polling flag OFF, and 
the process proceeds to step C1 (refer to FIG. 1 0). Step 
C1 reads a low-speed polling address from the low- 
speed polling address table 23. in step C2, control in- 
formation is obtained. Then, in step C3, low-speed poll- 
ing is performed according to the control by the polling 
control part 1 2 using a signal that includes a secondary 
channel including an address of a low-speed polling tar- 
get sub station, and the high-speed polling flag is set 
OFF. Step C4 decides whether or not there is a response 
from the sub station. If the decision result in step C4 is 
YES, in step C5, the address of the sub station is moved 
from the low-speed polling address table 23 to the high- 
speed polling address table 24. On the other hand, if the 
decision result in step C4 is NO, in step C6, the next 
low-speed polling address is read from the low-speed 
polling address table 23, and the process proceeds to 
step B1 (refer to FIG. 9). 



[0048] FIG. 11 is a flow chart for explaining a process 
of the sub station of the embodiment of the present in- 
vention. In step D1 , the sub station is in a state of waiting 
for the polling. When the sub station is polled in step D2, 

; in step D3, the address comparing part 39 compares the 
address that is set in the secondary channel with own 
address of the sub station, and determines whether or 
not the own address of the sub station is called. When 
the both addresses match (YES in step D3), the process 

o proceeds to step D4, and when the both addresses do 
not match (NO in step D3), the process proceeds to step';. 
D1. 

[0049] In step D4, the low-speed/high-speed polling 
information identification part 38 decides whether or not 
ts it is high-speed polling depending on whether the high- 
speed polling flag that is set in the secondary channel 
is ON. In a case of high-speed polling (YES in step D4), 
in step D5, the data transmission monitoring part 40 de- 
cides whether or not there are transmission data. If the 
20 decision result in step D5 is YES, step D1 3 obtains the 
transmission data. Then, step D6 decides whether or 
not the transmission data ends. If the decision result in 
step D6 is YES, step D7 sets the data end flag ON. Ad- 
ditionally, if there is no high-speed polling (NO in step 
25 D4), step D10 activates the training signal generation 
part 37 so as to generate a training signal. Then, the 
process proceeds to step D9. Further, if the decision re- 
sult in step D5 is NO, step D11 sets a no-data flag ON. 
In addition, if the decision result in step D6 is NO, step 
30 D1 2 sets a data transmitting flag ON . Then , step D8 ob- 
tains any of the data end flag, data transmitting flag, and 
no-data flag. Step D9 performs data transmission, and 
the process returns to step D1 . 
[0050] FIG. 12 is a state transition diagram of high| 
35 speed polling and low-speed polling. In a case where 
there are low-speed polling target sub stations having 
addresses #8 and #20, when the sub station having the 
address #8 responds to low-speed polling, the sub sta- 
tion thereof is changed to a high-speed polling target 
40 sub station. When the sub station having the address 
#20 does not respond, the sub station thereof remains 
a low-speed polling target sub station. Additionally, in a 
case where there are high-speed polling target sub sta- 
tions having addresses of #1, #2, #3, #4, when the 
45 sub station having the address #3 does not respond, or 
in a case where the above-mentioned number of times , 
of not responding is equal to or more than a predeter- 
mined number of times, the sub station thereof is 
changed to a low-speed polling target sub station from 
so next time,. When the sub station having the address #3 
responds to high-speed polling, the sub station remains 
a high-speed polling target sub station. 
[0051] In low-speed polling, polling is performed atthe 
rate of eight times per second (once in 1 25 ms) (refer to 
55 FIG. 7A), for example, as sequentially reading address- 
es of the low-speed polling target sub stations. In high- 
speed polling, polling is sequentially performed on all of 
the high-speed polling target sub stations in 125 ms' : . 
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However, in the case of the high-speed polling, contents 
of user data must not be discontinued. Thus, a ratio of 
low-speed polling to high-speed polling is not always 
constant. The ratio varies depending on the message 
length of the user data. 

[0052] Additionally, it is possible to vary the lengths of 
the low-speed polling interval and high-speed polling in- 
terval according to the number of low-speed polling tar- 
get sub stations and the number of high-speed polling 
target sub stations. For example, in a case where the 
number of low-speed polling target sub stations is large 
(the number of addresses in the low-speed polling ad- 
dress table 23 of the address control part 13 (refer to 
FIG. 5) is large), the low-speed polling interval can be 
fixed longer such that the number of times of performing 
the low-speed polling in a predetermined polling cycle 
is increased by the low-speed/high-speed polling 
switching part 1B of the polling control part 12. On the 
contrary, in a case where the number of high-speed poll- 
ing target sub stations is large (the number of addresses 
in the high-speed polling address table 24 of the address 
control part 13 is large), the high-speed polling interval 
can be fixed longer such that the number of times of per- 
forming the high-speed polling is increased by the low- 
speed/high-speed polling switching part 1 8 of the polling 
control part 12. 

[0053] FIG. 1 3 illustrates a power-line carrier system. 
In the system of FIG. 13, for example, a low-voltage dis- 
tribution line 52 is connected to a transformer 51 , which 
transforms high voltage (6600 V) to low voltage (100 V 
or'feoo V). The low-voltage distribution line 52 is con- 
nected to a distribution board 54 in a house via an in- 
coming line. An electric power line 53 in the house is 
connected to the distribution board 54. A refrigerator 55, 
a facsimile machine (fax) 56, an air conditioner 57 and 
the like, for example, are connected to the electric power 
line 53, or electrical household appliances are connect- 
ed to an electric power line (not shown) that.is branched 
out from the distribution board 54. A personal computer 
63 is connected to a convenience outlet, which is con- 
nected to the electric power line 53 and serves as a sub 
station, via a power-line carrier modem (M) 62. A power- 
line carrier modem 61 , which serves as a main station, 
is connected in a position of the transformer 51 . In such 
a system, a power-line carrier system is proposed in 
which a home electric appliance network is structured 
for the home electric appliances, data are transmitted 
mutually by the CSMA/CD method orto/from a controller 
(not shown), the power-line carrier modem 61 serving 
as the main station is connected to the power-line carrier 
modem 62 serving as the sub station via the low-voltage 
distribution line 52, the incoming line, the convenience 
outlet of the electric power line 53 and the like, and the 
persona! computer 63 is connected to the Internet and 
the like. 

[0054] In the above-described power-line carrier sys- 
tem, volume of traffic of the personal computer 63 and 
the like is greater than volume of traffic in the electrical 



household appliance network. At the same time, the 
electric power line 53 forms a transmission channel of 
a common power-line carrier. Accordingly, it is neces- 
sary to solve a problem of mutual interference. 
5 [0055] Consequently, as shown in FIG. 14, the power- 
line carrier modem 61 serving as the main station out- 
puts synchronizing frame pulses having a 1 s cycle, for 
example. Since communication among the electrical 
household appliances in the electrical household appli- 
10 ance network is low-traffic, communication according to 
the CSMA/CD method or the like is performed by allo- 
cating a 10 ms interval in a cycle of the synchronizing 
frame pulses. The remaining 990 ms interval is allocated 
to power-line communication of the personal computer 
15 63 and the like, since the power-line communication is 
high-traffic. In other words, a predetermined cycle of the 
frame pulses is divided into a communication interval of 
the electrical household appliances and a polling com- 
munication interval of the personal computer 63 and the 
20 like. In this case, each of the electrical household appli- 
ances has transmitting/receiving functions of detecting 
the frame pulses and identifying the communication in- 
terval of the electrical household appliances. Thereby, 
it is possible to prevent mutual interference between the 
25 communication among the electrical household appli- 
ances in the electrical household appliance network and 
the power-line communication according to the polling 
system. Further, a guard time (buffer) can be provided 
between the communication interval of the electrical 
30 household appliances and the polling communication 
interval of the power-line communication. 
[0056] Additionally, in the interval that is allocated to 
power-line communication, polling is performed by the 
power-line carrier modem 61 serving as the main station 
35 to the power-line carrier modem 62 (M) in each house. 
Further, in the 990 ms interval that is the polling interval 
in this case, as described above, it is also possible to 
perform the polling to the low-speed polling target sub 
stations and the high-speed polling target sub stations. 
40 in that case, the power-line carrier modem 61 provided 
in the position of the transformer 51 can be structured 
as shown in FIG. 5, for example. At the same time, the 
polling control part 12 can control the communication 
with the sub stations according to the above-mentioned 
45 polling system in the interval of the power-line commu- 
nication after the interval allocated to communication 
among the electrical household appliances based on 
the frame pulses. Moreover, the power-line carrier mo- 
dem 62 provided indoors can be structured as shown in 
50 FIG. 6, for example. 

[0057] Further, for example, according to a modifica- 
tion of the embodiment of the present invention, it is pos- 
sible to perform control such that in a case where a plu- 
rality of kinds of polling intervals are set, sub stations 
55 with transmission data are changed to polling target sub 
stations on which the polling is performed many times, 
sub stations that do not have transmission data but re- 
spond to the polling remain polling target sub stations 
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of a corresponding polling interval, and when number of 
times of having no transmission data exceeds a prede- 
termined number of times, the sub stations are changed 
to polling target sub stations of a polling interval in which 
the polling is not performed many times. 5 
[0058] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

[0059] The present application is based on Japanese 10 
priority application No. 2002-009991 filed on January 
18, 2002, the entire contents of which are hereby incor- 
porated by reference. 

15 

Claims 

1. A polling communication system, comprising: 

a main station; and 20 
a plurality of sub stations coupled to the main 
station, 

said main station including: 



an address control part that divides a pre- 
determined polling cycle into a plurality of 
kinds of polling intervals each having a dif- 
ferent number of times of polling and holds 
addresses of polling target sub stations 
corresponding to the plurality of kinds of 
polling intervals; and 

a first polling control part that switches the 
plurality of kinds of polling intervals, and at 
the same time, controls movement from 
one polling interval to another polling inter- 
val of the addresses of the sub stations 
held in the address control part according 
to states of the sub stations including 
whether or not there are responses from 
the sub stations, 

each of the sub stations including: 

a second polling control part that sends a 
response depending on existence of trans- 
mission data when the sub station is polled 
by the main station. 

2. The polling communication system as claimed in 
claim 1, wherein: 

the address control part switches between a 
low-speed polling interval and a high-speed 
polling interval in the predetermined polling cy- 
cle and includes a low-speed polling address 
table representing addresses of low-speed 
polling target sub stations on which the polling 
is performed in the low-speed polling interval 



and a high-speed polling address table repre- 
senting addresses of high-speed polling targets 
sub stations on which the polling is performed 
in the high-speed polling interval, and 
the first polling control part switches between 
the low-speed polling interval and the high; 
speed polling interval, performs the polling adH 
cording to the addresses in the low-speed poll- 
ing address table in the low-speed polling inter- 
val, performs the polling according to the ad- 
dresses in the high-speed polling address table 
in the high-speed polling interval, changes the 
sub stations that respond to the polling in the 
low-speed polling interval to the high-speed 
polling target sub stations and changes the sub 
stations that do not respond to the polling in the 
high-speed polling interval to the low-speed 
polling target sub stations, and the sub station 
includes a polling control part that sends a re^ >: - 
sponse depending on the existence of trans- 
mission data in response to the polling by the 
main station. 

3. The polling communication system as claimed in 
25 claim 2, wherein the first polling control part switch- 
es between the low-speed polling interval and the 
high-speed polling interval according to number of 
the low-speed polling target sub stations and 
number of the high-speed polling target sub sta- 

30 tions. ^ 

4. A polling communication system, comprising: 

a main station; 
35 a plurality of sub stations; and 

a home electric appliance network, 

wherein the main station includes a first poll- 
ing control part that divides a predetermined cycle 

40 into a communication interval of the home electric 
appliance network and a polling communication in- 
terval of the main station and the plurality of the sufy, 
stations, and performs polling on the plurality of the 
sub stations in the polling communication interval, 

45 and 

each of the sub stations includes a second 
polling control part that sends a response depend- 
ing on existence of transmission data in response 
to the polling by the main station. 

50 

5. The polling communication system as claimed in 
claim 4, wherein: 

the first polling control part divides a predeter-; 
55 mined cycle into the communication interval of 

the home electric appliance network and the 
polling communication interval of the main sta- 
tion and the plurality of the sub stations, further 
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divides the polling communication interval into 
a plurality of kinds of polling intervals each hav- 
ing a different number of times of polling, and 
performs the polling by switching the plurality 
of kinds of polling intervals, and 
the main further includes: 

an address control part that holds address- 
es of polling target sub stations in the plu- 
rality of kinds of polling intervals. 

A polling control method for a polling communica- 
tion system having a plurality of sub stations cou- 
pled to a main station, comprising the steps of: 

dividing a predetermined polling cycle of the 
main station to the plurality of sub stations into 
a plurality of kinds of polling intervals each hav- 
ing a different number of times of polling; 
changing the sub stations that have not re- 
sponded to the polling to polling target sub sta- 
tions in a polling interval having a few times of 
polling; and 

changing the sub stations that have responded 
to the polling to polling target sub stations in a 
polling interval having many times of polling. 

The polling control method as claimed in claim 6, 
further comprising the steps of: 

dividing the predetermined polling cycle of the 
main station to the plurality of sub stations into 
a low-speed polling interval and a high-speed 
polling term; 

changing the sub stations that have responded 
: to the polling in the low-speed polling interval 
to high-speed polling target sub stations; and 
changing the sub stations that have not re- 
sponded to the polling in the high-speed polling 
interval to low-speed polling target sub sta- 
tions. 
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nication interval of the home electric appliance 
network and a polling communication interval 
of the main station and the plurality of sub sta- 
tions; and 

polling the plurality of sub stations in the polling 
communication interval. 

10. The polling control method as claimed in claim 9, 
further comprising the steps of: 

dividing the polling communication interval into 
a plurality of kinds of polling intervals each hav- 
ing a different number of times of polling; 
changing the sub stations that have not re- 
sponded to the polling by the main station to 
polling target sub stations in a polling interval 
having a few times of polling; and 
changing the sub stations that have responded 
to the polling to polling target sub stations in a 
polling interval having many times of polling. 

11. A main station which couples to a plurality of sub 
stations, comprising: 

' an address control part that divides a predeter- 
mined polling cycle into a plurality of kinds of 
polling intervals each having a different number 
of times of polling and holds addresses of poll- 
ing target sub stations corresponding to the plu- 
rality of kinds of polling intervals; and 
a polling control part that switches the plurality 
of kinds of polling intervals, and at the same 
time, controls movement from one polling inter- 
val to another polling interval of the addresses 
of the sub stations held in the address control 
part according to states of the sub stations in- 
cluding whether or not a response is received 
from the sub stations, said response being re- 
ceived depending on existence of transmission 
data when the sub station is polled. 



The polling control method as claimed in claim 7, 
further comprising the step of: 

changing the low-speed polling interval and 
high-speed polling interval in the polling cycle 
according to the number of the low-speed poll- 
ing target sub stations and the number of the 
high-speed polling target sub stations. 



45 



50 



9. A polling control method to be implemented in a 
main station in a polling communication system in- 
cluding the main station, a plurality of sub stations 
and a home electric appliance network, comprising 55 
the steps of: 



dividing a predetermined cycle into a commu- 
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